INTRODUCTION
The Task Force on Infant Positioning and SIDS of the American Academy of Pediatrics (AAP) published its first recommendations on infant sleep position and sudden infant death syndrome (SIDS) in 1992. They revised these recommendations in 1996 to reflect the finding from two studies done in the United Kingdom and New Zealand. 1 ± 3 These recommendations state that``infants should be placed for sleep in a nonprone position. Supine confers the lowest risk and is preferred. However, a side position also carries a significantly lower risk than a prone position.'' These recommendations were made for``healthy infants only.'' Infants with``GER and certain upper airway anomalies that predispose to airway obstruction and perhaps some other illnesses may be indications for a prone sleeping position''. 4 Guntheroth 5 made the point that``SIDS is a universal risk for infants in the first six months of life, and that any additional vulnerability will increase the probability of SIDS.'' Thus infants who present clinically with ALTE, near miss SIDS, apnea, choking, GER, or cyanotic episodes are considered at risk for SIDS. The recommendations made by the American Academy of Pediatrics did not address this group of infants.
One of the theories presented for SIDS is that a vulnerable infant undergoes an apneic and/or bradycardic event that then continues into SIDS. 6 Infant sleep position is considered a risk factor for SIDS that may make the infant vulnerable. In the United States (US), the side position is used by many parents and is recommended by many health care providers. Hudak et al. 7 surveyed 149 physicians in New York and found that the majority recommends the side position. Peeke et al. 8 observed 103 nurses caring for 206 hospitalized infants and found that many nurses (55%) frequently place infants on their side for sleep. Significant maternal predictors for placing infants in nonsupine (side or prone) infant sleep positions were described by Willinger in the national infant sleep position study and include the following: (a) Maternal African American race; (b) maternal age of 20 to 29 years; (c) residing in the mid-Atlantic or southern states; (d) having a previous child; and (e) infants under age 8 weeks. 9 Willinger et al. 9 states the side lying position has increased from 13%
OBJECTIVE:
The purpose of this investigation was to investigate, in high -risk infants, the occurrence of abnormalities in documented monitor downloads during the side versus prone position.
STUDY DESIGN:
Forty infants admitted to the A. I. duPont Hospital for Children with diagnoses associated with sudden infant death syndrome were included in this investigation. During an overnight hospitalization, infants were placed on home apnea monitors, with computer memory to capture alarms for apnea > 20 seconds, age -defined bradycardia, and tachycardia. Infants were studied for 12 hours. Each infant was assigned to 6 hours of prone and side during the 12 -hour period, with order of position randomly assigned by random number generation. Differences between the two positions in alarm frequency and significant events, as determined by a blinded interpreting physician were analyzed by Fisher exact test, with p < 0.05. Power analysis necessitated 20 patients in each group, with beta error of 0.2. 
RESULTS:
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in 1995 to 35% in 1996. The controversy over infant sleep position has caused some confusion among health care providers, particularly with high-risk infants. In this study, the effect of sleep position on apneic and bradycardic episodes in high-risk infants is reported. The present study addresses the following research question: Is there a difference in both apneic and bradycardic episodes in relation to prone versus side-lying infant sleep positions within a high-risk population?
METHODS
Eligible infants for this investigation were hospitalized at the A. I. duPont Hospital for Children on an infant/toddler unit from
November 1993 to September 1997. Infants admitted with a diagnosis of apnea, ALTE, choking episode, cyanotic episode, rule out gastroesophageal reflux, and bradycardia. Infants had to be 38 weeks or greater chronological age at time of study, and not older than 4 months corrected age. Infants were excluded if they were receiving Zantac, Reglan, Caffeine, or Theophylline. Also excluded were infants whose parents mandated that their infant be kept in a certain position and infants ordered to remain in a prone position when admitted to rule out GER, choking, apnea, ALTE, and near miss SIDS.
In each infant the sleep position was changed after 6 hours of documented monitoring, with each infant acting as his or her own control, for a total monitoring time of 12 hours. This 12-hour time frame for adequate study length is well documented in previous studies and is considered adequate monitoring time in apnea studies. 10 ± 12 The initial position in which the infants were placed was randomly assigned, by random number generation. A code of A or B was applied to each numbered slot. Code A represented group 1, in which infants were placed prone first then on their side. Group B represented group 2, in which infants were placed on their side first and then prone. Patients were placed into the group slot in order of their admission. The infants were screened for eligibility by the apnea advanced practice nurse. A power analysis was performed. To detect a 15% difference, 40 patients were required, with each spending time in each of the two study positions, to yield a beta error of 0.2. Fisher exact test was used to determine differences between the two study groups, with an alpha level of 0.05.
RESEARCH PROCEDURE
The apnea advanced practice nurse explained the research study to staff nurses on all three hospital shifts. These nurses were evaluated for their ability to place infants on the apnea monitor and to turn infants in the prone or side positions for sleep. They were unaware of the significance of one position over another. This process did not influence data collection, as data collection was continuous over the 12-hour monitor period. The apnea advanced practice nurse approached parents, explained the study and obtained written informed consent. Infants were placed on the Aequtiron memory module monitor (Aequitron Medical, Minneapolis, MN) for 12 hours to measure thoracic impedance and electrocardiogram. This monitor has been used routinely in the home and has been assessed in previous studies for validity and reliability. 13, 14 Documentation on the Monitor Event Sheet included (a) the time the monitor was activated, (b) the position in which the infant was placed, and (c) the time the infant's position was changed from side to prone or prone to side. All alarms were documented with an assessment of the infant at the time of the alarm and what action if any was taken. If an infant became physically distressed during the recording, the nurse was instructed to place the infant in a comfortable position and to document the event; in this study, however, no infant was physically distressed.
Information, which included all waveforms of events, were downloaded from the monitor and interpreted by the physician. The physician was blinded as to the position of the infants during the study. The monitor settings are listed in Table 1 . No adjustments for alarm settings were made for this high-risk group.
After the interpreting physician interpreted waveforms of events, true events were evaluated as they related to the position of the infant at the time of the event. Episodes of apnea were recorded if they were >20 seconds and episodes of bradycardia if they were >5 seconds (Figures 1 and 2) .
RESULTS
Of the 40 infants entered into the study, three were admitted with a diagnosis of choking or rule out GER. The remaining 37 were admitted with a diagnosis of ALTE, cyanosis, apnea, or near miss SIDS. In our group of infants, the mean age was 44.6 weeks' gestation at time of study. None of the infants entered into the study have succumbed to SIDS and all are now beyond the highrisk age of SIDS. Nineteen of the infants were preterm at birth (mean age 32.5 weeks), but term at time of study. Of these 19 infants, 20% experienced apnea or bradycardia during hospitalization.
One group consisted of 17 infants placed in the prone position for the first 6 hours, then placed on their side for the next 6 hours. The other group consisted of 23 infants placed in the side position for the first 6 hours, then placed in the prone position for the next 6 hours. Both sample groups had the head of the bed elevated at 458.
Apnea episodes were defined as a pause in respiration >20 seconds in duration (see Figure 1) . Of this number, 11 occurred while infants were in the prone position, and 16 occurred in the side position. The apnea events occurred in 11 of the 40 infants. The infants with apnea did not differ from the other infants with regard to postnatal age, gestational age, or total alarms. The mean ( standard deviation) number of apnea events per tracing in the prone position was 0.270.84). The mean ( standard deviation) number of apnea events in the side position was 0.391.12, (p=0.58).
There were 38 episodes of bradycardia in this study population. Bradycardia was defined as a decrease in heart rate >5 seconds in duration (see Figure 2) . The bradycardia events occurred in 6 of the 40 infants. Similar to the infants with apnea, the infants with bradycardia also did not differ from the other infants in postnatal age, gestational age or number of alarms. Eighteen of the bradycardia events occurred in the prone position and 20 occurred in the side position. The mean number of bradycardia events per tracing in the side position was 0.491.94, and the mean number of bradycardia events per tracing in the prone position was 0.441.45 (p=0.90).
DISCUSSION AND CLINICAL IMPLICATIONS
Data on the effects of side sleep position are beginning to show that side sleeping is not without risk. 7, 8 In addition, there is some new information showing a trend in changing infant sleep position from nonsupine sleeping by age 3 months to prone. 5, 9, 10 Because some primary care providers recommend the side position, it is assumed that parents can conclude from that recommendation that the side-lying position is the safest. 3, 4 Indeed, there are commercially prepared wedge forms available to keep infants on their side. The presence of wedge forms perpetuates the assumption that side lying is without risk. In addition, it has been reported that 93% of mothers who observed their infants placed in the nonsupine position in the hospital after delivery placed their infants in the same position at home. 9, 10 If the side position were``safer'' than the prone, one would expect fewer apnea and bradycardia events even among high-risk infants placed on their side to sleep. In our group of high-risk infants, we found no advantage to the side position over the prone, and no significant difference in apnea or bradycardia, regardless of prone or side sleeping positions. It should be emphasized that this study looked only at 40 high-risk infants. Extrapolation of this date to the``normal'' infant should be done with caution.
Our findings help lend support to the triple-risk hypothesis addressed in the Nordic study. 8 The hypothesis proposed was that They discovered that these infants assumed the prone position. Engelberts and deJonge found that 70% of side sleeping infants move to another position by morning. 15 Indeed, the AAP reports that the lack of instruction to parents in positioning the dependent arm forward when placing infants on their side leads them to subsequently assume a prone position. Two additional studies, one from the UK 7 and one from New Zealand 16 further demonstrated the instability of the side position. Both studies showed an increased risk of SIDS when infants were placed on their side rather than supine.
Based on the above findings, we suggest that groups who have been identified as having a high risk for SIDS while in a nonsupine (side or prone) sleep position be targeted with public awareness information such as``The Back To Sleep Campaign''. 5 The SIDS Alliance and the AAP have done a remarkable job in advancing awareness of SIDS risk factors, and they have begun planning a second generation campaign that targets grandparents, baby-sitters, and daycare workers, as well as populations who have not responded to previous efforts. As health care providers we play an important role in educating the public and can make a significant impact on increasing the awareness of SIDS and its risk factors, as well as for the need to practice the AAP recommendations to lower the risk factors for infants. The research finding from this study lends support to the growing body of knowledge that the side-lying position may not be as safe as caregivers might assume. More research is needed to investigate sleep position and the incidence of apnea and bradycardia in high-risk infant groups. Further studies involving the knowledge and behavior of health care providers may be helpful in educating them on the best position to place infants for sleep.
In conclusion, we found no significant difference in apnea and bradycardia in the prone or side position for infants who were hospitalized with a diagnosis of apnea, ALTE, near miss SIDS, cyanosis, choking episode or GER. We expected to find fewer apnea and bradycardia alarms when the infants were in the side position. Effort is required to encourage adhering to the most recent AAP guidelines especially in high-risk infants who are at risk for nonsupine placement. 9,17 ± 19 
